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INTRODUCTION

Currcntly, improvements in projectile design are concerned with the use of
thinner shell wall componeŽnts in the round itself and the replacement of conven-
tional copper rotating bands by those which use a less critical material. Before
changes of this nature can be adopted, it Must be guaranteed that the projectile
will maintain its structural integrity under the severe stress patterns developed
by the loading during the launch cycle. Under these circumstances, it is required
that the impressed loads be determined with detailed accuracy throughout the launch
cyc le.

For most projectile-gun systems, pressure and velocity travel curves are
available for a range of muzzle velocities. With this information the linear and
angular acceleration of the projectile are readily derived. once the accelera-
tions are established, the magnitude of the critical forces and moments acting on
the round may be deduced as a function of travel within the gun tube.

The most important forces imposed on the round are the axial or set-back
force and the spin-producing force which acts at the interface of the rifling and
rotating band. This force develops the spin necessary to stabilize the round and
determines the acceptable rotating band materials and configurations. The set-
back force causes axial compressive stresses to act along the shell body. Thus,
the set-back force limits and establishes the acceptable shell body materials and
dimensions.

In this report,, the equations which express the pressure and the resulting
axial force, spin force, and rotational torque on the projectile, as well as the
linear and angular velocities and accelerations of the projectile are presented
in some detail as a function of travel in the tube. The resulting equations are
then applied to determine these parameters for a projectile-gun system for which
pressure and velocity travel curves are available.

OBJECT

1. To assemble and present in sufficient detail equations which define the
loads imposed on a projectile and the projectile's resulting motion during the
interior ballistic cycle.

2. To develop a simple computer program which will print and plot the forces
and resulting motion of a project'ile during the interior ballistic regime.

RIFLING

During firing,1 the rifling in the gun tube interacts with the rotating band
of the projectile in order to provide spin. The projectile spin must be suffi-
cient to resist the overturning aerodynamic moment developed on the round during
free flight and maintain stability of the round.

1. Army Materiel Development and Readiness Command, Engineering Design Handbook, AMCP 706-252, February 1964.
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Because the rotating band material is relatively soft, the lands engraved on
the band must be sufficiently wide to maintain the band's structural integrity
while transmitting the spin-producing torque. As a result, the rifling grooves
must be wider than the lands.

It has been found empirically that a groove-to-land width ratio of 3/2 for
the rifling will, in general, give satisfactory performance, thus4

WC= 1.5 W L(1

where W(; = groove width of rifling
W1, land width of rifling.

In addition, it has been established that approximately eight grooves perI
inch of' gun diameter are adequate, or

N: 8 D (2) I
where NG = number of grooves (to nearest whole number)

D = gun diameter (inches).

From Equations 1 and 2, the widths of the lands and grooves may be determined,I
thus considering the interior circumference of the tube

rrD = NG (WG + WL) (3)

Substitut~ing Equations 2 and 1 into the aboveI

W= 0.2356 inch

and W L = 0.1571 inch.

Empirically the depth of the rifling groove has been determined as

h = 0.01 D (4)

where h = rifling groove depth (inches).

From the above. equations a general rifling configurations is readily calcu-
lated for any diameter gun.

Twist-

Twist is of paramount importance because it is directly related to frce flight
stability. In general, a gun tube can provide either a constant or an increasing
twist. The equation for the rifling curve is

2



y_ pxn (5)

and y=Re (6)

where y = peripheral distance along rifling
p = constant
x = axial length along the gun tube
n = exponent which defines the rifling curve
R = radius of gun tube
e = angular location along rifling.

The constant p is determined as follows

dy/dx = tanc = npxn-l. (7)

Now at the muzzle

x = L

and tana = tancE.

Substituting this into Equation 7 gives

p = tanaE/nLnl. (8)

Substituting Equation 8 into 5

y = (tanaE/nLn'1) xn. (9)

For constant twist rifling n = 1 and (8) and (9) become

p =tana (10)

and y = (tana) x (11)

where a is now everywhere constant.

For constant twist rifling, the twist is usually specified as the number of
projectile diameters (calibers) the projectile must move along the gun tube axisin order to complete one revolution, i.e., NT calibers/turn.

Using this information in conjuction with (6) and (11), and

* I y = irD = tana x NT(cal/turn) x l(turn) x D(in./cal)

and tana = @r/NT). (12)

4'.

•.4'
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PROJECTILE MOTION IN GUN TUBE',2

During firing, the pressure developed by the expansion of the propellant
gas drives the projectile down the gun tube. During its passage through the tube,
the projectile's rotating band engages the rifling of the tube and imparts an
angular motion of the projectile about its axis of symmetry. The forward and
rotational motion of the projectile are of major concern. These motions establish
the two critical elements essential for satisfactory exterior ballistic perfor-
mance, namely, muzzle velocity and projectile stability. Also, when the mutions
are delineated, the forces and moments acting on the projectile are readily re-
constructed and the projectile can be efficiently designed to maintain its struc-
tural integrity throughout the launch cycle.

Velocity

The linear velocity of the projectile during its passage in the gun tube is
usually measured at discrete intervals along the tube and for a range of muzzle
velocities. This data is then presented in graphical form. With this informa-
tion the linear and angular velocities and associated accelerations are readily
repres,,nted in mathematical form.

a. Linear

It has been found that the velocity-travel curve is accurately reproduced by
mean:, of the Le Duc formulation in which the instantaneous velocity is assumed to
he a 1'p)erbolic function of the distance travelled in the tube, thus

V ax/(b+x) (13)

where V instantaneous velocity
distance travelled in the tube

a,b empirical constants.

b. AIgular

The angular velocity of the projectile about its axis of symmetry is calcu-
lated from the equations which define the rifling curve and the linear velocity,
1-hus

y = Re (6) I
""inddy dO dO \Idt/

and d- tana = R de R d •-t

tana - R0/V21
.tnd the arigular velocity is

0 = V tana/R. (14)

2. HAYES, T. J. Elements of Ordance. John Wiley & Sons, Inc., New York, 1938.

4
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Substituting (13) into (14) gives

=(tana/R) (ax/bx) (15)

I
where 0 dO/dt = instantaneous angular velocity of the projectile.

Acceleration

a. Linear I
The linear acceleration follows directly from the linear velocity as 4ýxpressed

in (13), thus

dV (b+x) a dx/dt - ax dx/dt
S(b+x) 2

and simplifying gives

a dV/dt =(ab/(b+x)2) V.
c

Substituting (13) into the above, i

a a 2 bx/(b+x) 3  (16)

where ac = linear acceleration of the projectile.

b. Angular q

In a similar fashion the angular acceleration is obtained from the angular
velocity, thus, differentiating (15)

* ~=UI+&E(V tant) =~i K (~ )TF= T • •'r" t g ""Ldt! FX-

and =-I dýx4!.Ldx L • dx)
R jdx d td

. - . -

R dt2 + d- dt dx dx dt)]

1[d2x' (L)~ + (Lxdt2/~]
=R -dt2/ + \dt x

which finally gives

a f tans + V2  (17)~~R ' C dx "(7

• A'

i,
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For the. :asu where the rifling twist is constant

d X

and (17) reduces to

0 - a~(K t"1110). (8

Substituting (12) and (16) into (18), the angular acceleration is uXlju'e0Sed
as a function of the rifling twist and the distance travelled within the gun tube,

FORCES AND MOMENTS ON PROJECTILE IN GUN TUBE

The expanding propellant gas acting at the base of the projectile drives the
j'v0ject iLlc forward Land at the same timc spins it about its axis of syimlietry. The
spin is produced by the force system created by the interaction of the lands of
the rotating band with the rifling grooves of the gun.

Pre.-;sure and velocity data are measured at intervals along the length of tho
lube during firing. The pressure and velocity data are usually presented in
iraiaphiul form and are readily available for most projectile-gun systemsa. The
ilcltsurcd prussuru is utilized in overcoming friction and in imparting linear and
Angular acceleration to the projectile,

hL', information, in conjunction with the rifling curve and the projectileparamet or,,, permits the calculation of the f)rces and moments acting on thie pro.
jectile at any point in the gun tube.

Bocaiii;u it is less cumbersome algebrai,: I Ily and most convenient to develop
'i,1 the for¢.cs and moments from the velocity travel curve, this procedure will be
adopted in this report.

Axial Force

The axial force is coincident with thoaxls of symmetry of the projectile
and results in the forward acceleration of the round.

For this determination, it is convenient to derive a forward velocity-
producing pressure PV from the hyperbolic velocity formulation. The magnitudeIt 'eOf theV prc:.,uro obtained in this fashion will everywhere be less than the LcttUil

fcasured pi-essuru in the gun tube. This is so because the meastl'ed pressure pro-
duces the linear velocity and the projectile spin, overcomes friction in the tubl-,
a ind accolorati.es the propellant gas and dubrk,.

I,,uwevur, the, velocity-producing pire ssure P'V folowS the samrne general ',•. l l) l I;,
, as the cttul pioressure PG and differs from the actual pros sure by 11 SnMll mu ItI lp-

1 iv licative con'stant.

~6
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-(4/27)M a2/b (27)

4 (C1/27)(Mp/A) a 2 /b. (28)
N111 "

1'hc ('iVitfit C follows from (26) and (28), thus

C1 C/tV,(29)I ullla A/ ;•ax

SI) ili MOlllLllt ii

I'l'l Lorqlic which produces spin about the axis of symmetry of the projectile

"0 (30)

,•hiwt'u 'I torque about axis of symmetry

o v polar moment of inertia of the projecti-le

6 w i:istantanoous angular acceleration.

tuilst ituling the expression for the angular acceleration as given by (17) into
(30),

'(I-,/R) t.ie tanca + V2 d(tanc)/dx]. (31)

I C tilI, IwIst ca is constant, (31) reduces to

I a 1I t , itan /R. (32)

'11L,' Ii'qul( MIay' be expressed as a func" ion of the travel in the gun tube by
'uhht•tLlwi tg (12) and (16) into (32), thus

I (1,)/1 1) (i/N'r) [Lb+2 b]. (33)

o,,)inhrilt (22)1 (23), and (33), it is seen that PV, Fa, and T vary directly
it I'mictii. of the linear acceleration. Because of this, plots of all three
liwt.ttItlu,*o will lhave the same general contour when expressed as a function of x.
A\I 411 I it, mxillun valuoe of each of these quantities will occur at the same loca-

1t)ii tlit I nod h), (25).

.;I1 it I ) ,, '

ItI ",,, '. whieli cause the projectile spin are developed through the inter-
SI,, ()i il Isti ii ol' the rotating band with the rifling grooves.

lIt' J(, iS.'ullting from this interaction are depicted in Figure 1 where it
I I' l t ti t S!,,

I, i )(34)

. 8



or T= (N cosa) R (1- l tanc) (35)
where N = normal force acting along the depth of the lands

= coefficient of friction between rifling and rotating band.

Now substituting (31) into (35),

d(tana)1
' c tanct + V2  dxN = (Ip/R2) C tan) 6)

For a constant twist rifling (36) becomes

N = (I/R2) c tanc, (37'P/ Cosa (1-•tana)"(3)'

This result may be further simplified by recalling that

S<1

tana << 1

therefore, (1 -I tanc) = 1

with this approximation, (37) may be written
N = IP ac tana/(R2 cosa). (38)

If (16) is substituted into (38), the spin force may be expressed as a func-
tion of the distance travelled in the tube, thus

N = Ip tana a 2 bx/[R2 cosa (b+x) 3]. (39)

Y

J N N cosa

4 Figurel1. Force diagram due to interaction
of rifling and rotating band.

N iina \-RIFLING CURVE

ANA sina

AXIAL DISTANCE
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RESULTS AND DISCUSSION

4k Rifling

A typical rifling profile for an artillery weapon is illustrated in Figure 2.
Using (1), (2), and (4), the number, depth, and width of grooves for a typical
artillery rifling configuration is plotted in Figure 3 as a function of the gun
diameter. These figures detail a representative rifling profile. In practice,
deviations from this norm are introduced for a variety of reasons. However, the
initial design of a new artillery weapon usually starts with the typical profile
and alters this result to conform with stringent mission requirements.

The rifling twist imparts spin to the projectile in order to provide gyro-
scopic stability to the projectile when it emerges from the muzzle. The spinA
must be sufficient for the projectile to resist the upsetting aerodynamic forces
and moments developed in free flight and to cause the initial yawing motion in-
duced at launch to damp out rapidly. To perform satisfactorily, the axis of
symmetry of the projectile must be maintained in substantial alignment with the
ins tantaneous tangent to the trajectory as the round proceeds to the target.

The rifling may develop the required projectile spin through either a con-
stant or increasing twist. With an increasing twist, the final spin imparted to
the round corresponds to the twist at the muzzle. An increasing twist is usedA
primarily to reduce the peak maximum forces and moments developed in the tube
during the launch cycle.

r2 I

Figure 2. Typical rifling configuration.

10
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Projectile-Gun Parameters

The equations presented herein are sufficiently general and apply to any
artillery projectile-gun combination. However, in order to illustrate the vari-
ation of the force and motion parameters as a function of travel in the gun tube,
specific projectile-gun parameters associated with conventional artillery shell
will be assumed.

a. Projectile

Weight - 96.0 pounds
Diameter - 6.0 inches
Polar moment of inertia -495 lb-in. 2

b. Gun

Caliber- 155 mm
Length- 200 inches
"Twist - 20 cal/turn.

i11



Of the many pressure and velocity travel curves available for the 155-mm

artillery cannon, Zone 8 results will be used.

The following data is extracted from a representative curve

Muzzle velocity - 2,800 fps

SGmax -53,900 psi

X* -22.5 inches.

X* identifies the distance along the gu,t tube where the maximum pressure
|PGmax occurs. With X* known, the empirical .:onstant b which appears in the Le Duc
velocity formulation, Equation 3, is calculated through Equation 25. With b es-

tablished, a is determined from (13) by noting that V = muzzle velocity 2800 fps)
at X = gun length (200 inches). When the constant terms a and b in the velocity
equation are known, the force and motion parameters are readily calculated.

The pertinent equations which describe the motion of the projectile and the
forces and moments which produce that motion were programmed for the computer.
The plotting routines available from the computer were used to develop the graphs
presented in Figures 4 to 8. The FORTRAN listing for the complete program is
given in Appendix A. The projectile-gun system parameters detailed above were A
used in performing the calculations. The gun-tube pressures, linear and angular
velocities and accelerations, the axial and spin forces, and the torque are given
as a function of travel in the gun tube in the table in Appendix B.

It is noted that for the constant twist rifling assumed here, all the impor-
tant force and motion parameters except the linear and angular velocities are
linear]y dependent on the acceleration and thus the pressure. With the exception
of the velocities, all the curves discussed below effect the same general contour
as the pressure travel plot. The values at the start are zero, the maximum values
are reached at X = X* and after this the val]ues steadily decrease up to the muzzle.
The linear and angular velocities are both hyperbolic functions and increase from
zero at the start of travel to a maximum at the muzzle.

Pressure and Velocity versus Travel in Gun Tube

?. .The pressure acting in the gun tube and the instantaneous velocity of the

projectile as it travels down the gun are plotted in Figure 4 as a function of
distance travelled in the tube. The velocity was calculated using (13), where
the empirical constants were first calculated as described above. The measured
gas pressure distribution in the gun tube is determined from (29), (22), and (21),
where the value of PGmax has been read from the available curve.

Projectile Motion

a. linear

The linear velocity and acceleration of the projectile are plotted as a func-
tion of the distance travelled in the gun tube in Figure 5. The linear velocity
is derived from (13) while the acceleration follows from (16).

12
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b. Angular

The angular velocity and acceleration of the projectile is plotted as a func-
tion of travel in the gun tube in Figure 6. The angular velocity which is lin-
earl), dependent on the translational velocity is calculated from (15), while the
angular acceleration which is linearly dependent on the translational acceleration
is determined from (19).

Forces

The axial and spin forces acting on the projectile are plotted in Figure 7
and are described by (23) and (39) as a function of the distance travelled in the
gun tube. Both forces are linear functions of the acceleration and as a result
have the same general contour differing only in magnitude.

The tangential force may be used to calculate the maximum stress distribu-
tion in the rotating band or adjacent projectile area. This result should prove
especially useful in evaluating the performance of the new braze bonding method

now being developed to attach rotating bands to artillery projectiles.

The plotted force is the maximum force developed at the base of the round.I
To determine the force applied at an intermediate interface of the projectile,
the force obtained from the plot need only be multiplied by the ratio of theI
weight forward of the interface divided by the total round weight.
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Figure 6. Angular velocity and acceleration versus travel in gun tube.
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Spin Moment

The unbalanced moment acting about the axis of symmetry of the projectile
which derives from the tangential force and produces the spin is calculated from
(33). The result is plotted as a function of travel in the gun in Figure 8.
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REMARKS

The computer program presented herein has been developed for constant twist
ri~fling. At some later date it will be modified to include variable twvist rifling.
The modifications will include provisions for altering the variable rifling curve
at its inception in order to minimize the initial stresses.

The procedures and program used to obtain the force and motion results forI
artillery projectiles launched from 155-mm cannon will be applied to all conven-
tional projectile-cannon systems when the appropriate pressure and velocity travel1
curves are made available.

In this report, the analysis and equations that are presented and programmed
have largely been extracted from the Engineering Design Handbook Series prepared

by DARCOM. This series presents the analytical methoas and the appropriate equa-
tions and procedures to be used in designing ordnance equipment. It would beI
advantageous if all major portions of the Handbook were computerized. The corn-

* puter program should both print and plot all pertinent information necessary for
the determination of the most efficient component design. The computer programs
and computer manuals should be made available to all Army installations and major
contractors charged with the responsibility of developing ordnance equipment. In
this fashion, conventional, time-consuming hand calculations are eliminated,]
initial design concepts are rapidly evaluated, and the preliminary results widely

4. disseminated and reviewed by responsible monitors.



APPENDIX A. FORTRAN LISTING OF COMPUTER PROGRAM FOR PROJECTILE LOADS IN GUN TUBE

MAIN

CC?'PCK /CAFLOT/ PPESS(d.0219VEL('40219 ACC('i02JTh'1Of'e2)v TH2D('.021
I t FOMCEg'402? TORGUE(40Z?.X(40Z?. EN(4OZ?
R~EAL LCTH#'PCLAR 1
DIMENSION HE07NG(a:j

C

CP1=3e14415127

2 CONT7NUE
WRIT' 16.1501

150 FCE!PAT( I VEAC IN I'EADINC '48 CHARACTE"~S MAX 01
REA^N (1591121 (MCDING(L?, L=1v8 3

CALL !NITT(301
WQTTE(E16 1C 1 

19 F LA2
1REAC (!91021 WTv CIAM9 LCTH. VMUZv XVAXv PFAX9 CALTUNsIOA

KOUNT=39

WRITE1791071 WTvDIAM# 1POLAR. VMUZ

WRITE (791CS1 LGTIF. FMAX* XMAXr CALTUN 1

C TANA LF= PI/CALTUN
A NGC=AT Ah( T A NALF I

K ~: CIALFA=COE(ANG 3

W"-ITS 179109?0 At 3

IF (TPCLAR *NtE. CDe GO TC 6
InOLAR = WT*(0,1440*DIAM**2l '
WRITE (791121 IPOLAR

5 CONTINUE
C

IF(PMAX *EQe 0.3 FAC=1e

IF(PPAX eEG9 0.? GC TO 1!

PMAXC=48**WT*1A'**2 /(Z7.*AREA**83 I
15 CONTINUE

COEFF=12**FACOWT/ CAREA*C?

ENDPT=LCTH 4 0.5
IrND= ENOPT

C INCREASE IENC IN ORDER TO INCLUDE ZERO POINT AND CATA STORACE FOR
C PLOTTING

IEND=IEND.?

C
C CHECK TC SEE IF XMAX CCCURS IN THE STANDARD ONE INCH INCREMENTS

4 ~DO '40 I1,1IEND
DIS=DTS + 1.
IF(XMAX oNE. DIS 1 0C TO '40
I "T A R =
0O TO 50

40C CONTINUE

17
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C At'RIVES HrPE IF THE VALUE CF XMAX TS NOT BETWEEN 0 IND LCTI- ý.N NCR!mENY7S
CIC.TAR:1 INOICATES THAT XMAX HAS rRACT:DNAL VALUr

ZSTAP:1

CINCREArE IENO IN ORCES TO IKCLUC7 XMAX POINT
I-rND=:IEND +1

vG CON'TINUE 
-

C

X(1:=rEN

VFL(11 :EN

ACC(11=1EN4
7H20t1!:IEN

FRoCMgIZ3IEN
TOPQUE(217:EN

C

D:s:-1.
IFLAG=O

DO 10 Z:Z.TEND

IF fUFLAG eEO. 01 CC TO I
X(!I :XHOLD
XM1:XMAX 4 1.

IFLAGmO
4 CONTINUE

CIS=DTS 4 1*
X( I?:DIS
XHCLC:X(Il
XMIZ X(13-16

93 CONTINUE
IF I X112 eQTo XMAX .N.XMI *LT. XMAX I IFLAC:1.
IF (IFLAG 9EQ. 11 X(!?=XPAXI. IF 1I *EQo TEND) X(I)=LGTM
8TE"M:(B+X LII?
VEL(I I:A.Xl1IUBTERM
PRESS(T = COEFF s (A*e23 SBOM(1/ (5TERP **31
ACCI I.:12..(A$e21.B.X(I?/IBTERN..32

2THIDIII: ?'..VELCZ?' Pl/C D!AM$ CALTUNI
uru1uD.&.- 24*.ACC(!3* PI/ (DIAN* CALTUN3
ACC(I?:ACC (11/0
F0PCE( I 2WTsACCtII/1000.
TORGUE1IR: 2.SIPOLAR.TANISLF*ACCII.(IhDIAN.*1CCO.)
ENlll2o*T0RQUlElI3/ fDrAMOCSALFAI

10 CONTINUE

C

00 2C 9=ZIEND
I="
LINES=ILU$ES + 1.
WRITE 097105) XCI)t PRESSLIl. VELLI). ACC(It7HlD(I),TH20(Il@
1 FORCE(I)t TORGUECI). ENMI

18



MAIN -n~

FO9CE( X) F0RCE(r) .1OCZI.
TOR3UEC11=TOR2UE(1)*1C00*

c
IF(LIZNCE .LT, XOU;47) GOJ TO 20
WqlTE (7.114) INEDINC(L)t L:1981
WRITE (791014)
LINES =C

20 C047INUE
C
c

~1 CONTiNUE
CALL. PLOTZ
IF (NORE *NE. C) GO TO 2

c
C
c

101 F0I-MAT (idi. * NPUT- WGT(LBS)o 0'AMIZNS)o GUN LGTI4(&NS)tVMUZ(F/S)
I ,XMAX('NS), PMAX(INSO) t CALYUN(CAL/1URN). IPOLAR(LOS-INSCO)o
2 MORE i

1%'2 FORMAT I
C

104 FORMAT (/#GSX.' AXIAL'.ZlXt* SPIN 09/t5K.
I TRAVEL PRESS VEL ACC THID TH2D
2FORCEX(1013 TYiiGUEX(10)3 FORCLX(1013 Is It
3 Ex.' (IN.3) (LB.'ZN21 (F/S) (CS) IRAO/S) (RAO/S2)
4 (LOS) ILBS-1i431 (LBSS It I)

CF C1C7 FORMAT(I 11.1./i9 S* 50K 1 N P U 1 0 A 7 A'.i.o
1 45K, " WOT OIAM XPOLAR Vmuz It It
2 45K, '(LOS) (INS) (LB-INSO) (FI5)'9 Is
.3 '45K, P.2. 2K, F5.2. 2K, F8.2. 3X9 F541)

C
108 FORMAT ( Iii, 14SX9 * LGTH PMAX XMAX CAL/TURN A /

1 45X9 #(INS) QLB/NSQ) IINSI It1
2 145X# F6.2. 3X. F6.0, 2X9 P5.2. 6X. P3.0)

C
109 FORMA: (h1/1/ SOX 50K INITIAL CALCULATIONS so /It

I lICK. LE OUC CONSTANTS so Ile

3 4OOK, B=1 8:, 6.2t (INSIO I
Ill FORMAT I II o lICK 9 MONENI Of INERTIA I II

I %47X X POLAR:' f772.' LO-INS6O' I
C

112 FORMATC8A61

114 FORMAT I C v~ii./ 30K 9 8A6 I *
C

Ce..... ***~g***g~e**gO** FORMATS ......... e .. *...
I? CD



SUORCUTIht PLCT

C TVIS PLCT~r FP~t"SU~t VtL~C`PYV ANC ACCCLr"ATICIK (t"C~l L1NrAA AND~ AICULAR
c W1 vRAV"L &N Tj~j! IUN TUlt

1 o rct0 CL(4rllo TYfGPt4Ur2loY('4nfls rN('4041f

C A LL HCrl'CKTAL icAtkimco rCLLCW

0:MthSCN :PinSV I e I IL-"NVA (1It I :*ANtVA 1C10 1I lCRY Cl I eIo:T"I V Ij

CATA 'PP~rV /41s1P r~tttU~t AND VILQCrTY V& YOWVL ýN CU Y
DATA TLZNVA /%UH LTNCA~4 V:LOCTYY AND ACCtLC4ATv&N Vt TD1AWL hN DUN

~' I I 'TUPC
DATA "ANOVA /GOH ANOU.LAI VtLOC'?TY AND ACCCLrtYLION Vý 11NAVtL TN OU

IN TUr'r /
DATA I04T'3 /41H AW',Ak 4610 W1114 IMOICVA V~i TIRAVL ?N DUiN YU4L
CATA 'TYCfl /39H YOgUe VS Y"AV:L IN DUiN 1UPPt

c
DATA 1TRAV /14H TRAVLL - INlI

C ALL Vtt'TT"AL LAJCLs rOLLOW

D:MrPIS:04 YPfAeI(l)oYVtL('l7, YAWC12lb YAX01llb V104191sVEN0'110

DA TA YP C~ op
rAT A YVVrL II.
DATA YACP C~ it~i,4,T,~'W
r)AT A YTV /A ~ e~,r~
IATA YTPOR /40#2oll

ITOLVJN(511

DATA I'LOI'N Oo e4
UATA V40% /4Us.7ZoVe'oll#,4I/~vl
DATA A'40%2
1)AT A rLU 10olgogol3#411
1A TA A'DTOLS"Ng~ai1,)Io.L

r.A 1.L TNTTTf liii
10 C'mNYTNur

CALL 'IZNI'TT

CALL tLZMH~I~d~JM1C

1 CQNTvNWl
~ f'%AJI~ DtI VLLCCIlY VL iAAvrL



CALL A4i~ik9i 414 s OWlt' is-
C.ALI_ III AI IV

cI ALI. V1 tch 11u I

c ALL 10"it Avill Vol I
tVALL A~WPW lu&EitOLliiUW, fill

~ H~kfV~AL t" LAU

IA S'i,,VA41 ~iota wooU I

t Alt. V1t 01 i AMOvill rm b

#-At t V'~ wov o 00 4 16
wAl V AwSP. ties 4046 I

"0 oybAIII vtft I &m SAlV61641416

if I0 a- 10 0

ili ti 4 # 11 4
4140 R O 41k6 11I0 6W 14 4

"011161100116C .. ssmus toov lo AV.ssssi's~~'s~,'R #041

Vi t 11111 11



t AtL A t t LU TANLV A I

I "l~ I ! VAL L AUtL

A o V1 A1111 011~'YACC)
iALk hrA I Usa'U 0 Ar)

SVI AL4 L AL L ~VL1

t vi ~~APO 10.01 4( 1

1,0 u, 0

I I
I A "%'A I v I

II~ %b IAII )

s00#0 b ,ilJ

6111111 %VA ~it uU 11 U I' ~ Ati 10

I rim~,s 'eif v l 6 t



-Irv

PLOT? -7-2~

CALL ACUTST CI1v'TPAVI

C10 TO 15

C ~ GRAPH 4
4 CON~TINUE

C AXIAL AND SPIN FORCTS Vl- TIAVEL
c

CALL C^HECKt XoFORCE'!
CALL DSFLAYCXtFCRfCEl
CALL ARROW CX40.#FOR'EC:efl?,5,-5-
CALL D:NITY
CALL YLOCRTCO:

C
CALL CHECK CXv EN
CALL DSPLAYCXv EN
CALL ARRCW CX(120..EhC12C~v-E5.5

C I-CRIZCNTAL TCF HEADING

CALL FCVATSCZtlOw76t
CALL AOUTSTC4B q IFOR"OI
CALL CHRSIZ(2:

C LEFT V["TICAL LAEEL

CALL M'CVAE3S(3O 9EfC i
CALL VLA3FL. (119YAXFS
CALL NCTATE (C 920Ct !9,rLPSI

C
C PIGHT VEPTICAL LABEL

CALL MCVABS( 98Co.EEO
CALL VLABEL (10 vYENF

ccICR NALL NCTATO mceADnGt5 rB

C

CALL MCVAES (4UC2 9E I

CALL AOLJTST C18t TTRAV

C

GO TO 15

C~sse~e***eseee*s**~e RAPH 5*.. .. **************
C
C

5 CONTINUEA
C TCRGUE VS TRAVEL IN CUN TUBE

CALL CHECK CX9TORQUE#
CALL DSPLAY CXtTORGUEI

C IFCRIZQNTAL TCF HEADING

23 I



B ES T A VA I L A BL ECO
PLOTZ

CALL MOVA3ý(3009 760

CALL ACUTST(3E9 ITCRG:
CALL CHRSIZ7(2:

c
L -FT V''T-CAL LABEL

TALL MQVA3S(5fl, 500
CALL VLABEL (Et YTCR1
CALL NOTA'"C 0.D 330o a. TOLSIN:

H'IRIZCNTAL 30TTOM HEADINC

CALL MOVA3r7 ('400 PEflI

CALL ACL'TST (189 ITRAV

1s CCIN7:NUE
CALL DCURIR t:co':XtIY:
CALL. EmASE
:F(:C sEJ. S3 :00 TO 30I
!F(K .NE., ! I CO '0C 10

10 CONTINUE
CALL FIN:TT (U.t4OC'.
R-TU'IN

rr

C THIS SUB'IOUTINU ADDS ARROWS TO LINES ON GRAPHS
C WHICH INCICATES SCALES

CALL PFCVEA(XMA9YMAl
CALL DTIAWRtX0RD,
CALL D?"WREL(IX1.5 1 *
CALL 'MWlRL(IJ.-10 A
CALL DRWREL(IXZ,53
R17TUI~N

E ND

NTAB./BCib

NSTAS 3192.1.1.1.1 Go7 1 5 0 29
INC

4,24



BEST CAVAIf ffi E COPY
APPENDIX B. PROJECTILE MOTION AND LOADS VERSUS TRAVEL IN GUN TUBE

N P U T DAT A

WcT ClAM IPCLAR VMUZ
(LES) ( INS) (L..8- INS 3) } F/S)
96.CC E..0 495.00C 280.

LGTH PMAX XMAX CAL/TURN

(INS) (LB/INSG) IINS)
200.00 53900. 22,50 20.

"*1*

IN17IAL CALCULATIONS

LE DUC CONSTANT•S

A= 343C.C. (FiS)

8= 45,Q0 (INS)

AXIAL SPIN

TRAVEL PRESS VEL ACC TH1Q TH0l F0RC-111C)3 TORQUEX(10 3 FORCEX(1C)3

(INS) (LL/IN2) MF/S) (tS) (RADYS) (RAU/S2) ILES) (LOS-INS) (LES)

0Utj o. 0. o. 0. 0. -CC .0c .OC
1. aLO 7589. 75. 2027, 47. 41C01. 154.59 5t.54 17.73
2. 00 14192. 146. 39401. 9.. 76.95. 364.s7 98.51 33.24
3.00 199860 214e 5352. 135. 150283. 513.I8 13807? 46.81
4.00 25049, 280. 6708. 176. 135717a 643.98 173.86 58.66

5. CO Z'9470. 343. 7892. 216. 159069. 757,C3 2C4.5S 69.C2
6.00 33324. 404. 8924. 254. 180552. 856.72 231.30 78.04
7.CO 3W018. 462. 9822. 29L. 1087 74. 942.90U 2L4 .55 85.0C
8.100 39589. Side 13602. 325. 214498. 1017079 274.73 92.72
9..0 421C9. 572. 11277. 355. Z28161. 1G02.58 2?2.27 98.62

10.00 442d12. G24. 11959. 392. 239924. 1139.44 307.36 103.71
1l.00 46147o 674, 12358a 42'., 2tSLC.9* 1186.39 3.%3C 108.c8
12.00 47739. 722. 12784. 454, " 58654o 1227.31 331.35 11190
13.CC 49088. 769. 13146. 483. 20o?..3. 1261.9? 34 C.71 114.06
14600 50221. .314 13449. 511. 272103. 1291.13 348*58 117.G2
15.L0 51163. 857. 137C1, 5.9., 277:C04 1315.3, 355.11 119.82
16.00 51934, 900. 13908. 565. 211379a 1335.14 360.46 121.63
17.00 52552. 940. 14073. 591, 284732. 1351.:5 364.76 123.EG.
18.0o 53036o 980. 14203.s 616. 287351. 1363.48 368.11 122.21
19.00 53399. 1318. 14300. 640. 289318o 1372.81 370*63 125,C6
20.co 53655. 1C55. 14369. 66.. 29C7C5. 1379.39 372.41 125.66
21.00 53815, 1.91. 14 4 l. 68ac. 29.A574 13P3.52 373*,52 12G6C3
22.00 53891. 112 -, 14432. 703. 291985. 1385-47 374.05 126_21
22.5C 53900. 1143. 14434. 718. 292C34. 1385.7C 374.l1 126.23
3.00 53891. lccG. 1443a. 720. 29 187. 1385.47 374.05 126.21

24.00 53825. 1193. 1441•q 75L. 291626. 1383.76 373.59 126.06
25.C0 53E99. 1ý25. 1438G. 77C. 29CC43. 1380.52 372.71 125.76
266Co 5352C0. 1256. 14333. 7do. 233'?75a 1375.93 371#47 125a,34
27.00 531295. 1236, 14272. 808. 288754. 1371*14 369.91 124*82
28.CO 53128. 1316. 142CI. 827. 8 8731C. 13(3029 3c8a06 124-19
2 2.C 0 52725. 1344, 14120. 8645. 285C7[. 13555C 365,96 123.48
30.C0 5.391. 1372. 14030. 362. 233=57. 1346.90 363.64 122.70
31.C 0 52C28. 1399. 13933. e7 28. 2e1e92. 13Z7.5E 361.1' 121.85
3 " 32.C 51641. 1425. 13329. 89b. 27975F. 1327.62 358.43 120994
33.00 51233. 1451. 137209 912. 277582. 1317,13 355060 119099
34.-C 5c8c6. 1476. 13606. 926. 27527C. 13CC.16 352.64 110.09
35.00 50363. 1501. 134 7. 943o 272873o 1294976 3U9or7 117095
36..0 49907. 1324. 13365. 958. 27L'4u2. 1283.5 346.40 11Ga88
37..C0 42440. 154&. 13240. 9%. 267e69. 1271.4C 343,15 115.79

25
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AXIAL SPIN
7RAVEL PRESS VEL ACC T Hi D THID FGrCEX(lC)3 TGRGUEX(1C)3 FORCCX(1C)3
(IlSl) (LB/IN2) (F142 (G I fACSJ iR/) ARAO/32) ILIS) ILRS-.N) ILOS)I

38.C0 48963. 1570. 13112. 987. Z52 c.4 1258.77 335*84 114.97
3-.00 46478. 1592. 12982. :lci. 262C57. 1246o3C 376.48 1130. 3
4; O.LC 47987. 114. 12351. 10; 4 250995. 1233.0 7 333.07 112.38
41.00 47490. 1635. 12718. 10417, 2573(6, 122C92 329a62 111.22
4 422.C0 46990. 1656. 12584. ,4•C 254597. 1208.E6 326.1! 110.c5
43.00 46488. 1676* 12449. 1053, 251873. 1195*14 322.66 108.87
44.4*C0 45983. 1L96, 12314. iCESO 2491410 1182,17 319016 107.694
45.C0. 4 54 7.a 1715, 12175. IL76. 24L4'3. 11F9.18 315. 6 1C6651
46.00 44973. 1734* i2C44e 1089. 24466$. 113GC19 312.15 105*33
47.C.O 4 448. 1752, 1190. 1lLi. 24C.933. 1143923 308.65 E04.14
48,00 43965. 1770. 11774. 1112. 238.707e 113C*29 30516 102.97
4.5CO 5 4. G 1708o 11640. 1123. 2354910 1117E.4 3C1.66 101.79
50100 42965. 1805. 11506. 1134. 232788. 1104058 298.21 100.62
51.00 42469. 1422o 11373e 1145. 230101. 1091.83 294.77 99.46
52.00 41976. 1839. 1124l1 1155. 227431. 1079016 291,35 98.31
53.00 41487, 1355, 11110. 11C6 0 224781. 1066.58 287.96 97.16
549CC 41C0C2. 1671. 10C960 1176. 22d152. i0541011 284.E9 96OC3
55.00 4i0521. 1316. 10851. 1185. 219546. 1041.74 281.25 94.90
56.C0 4C C4. 194.2, 10724e 11350 21E963, 1C29.49 277*94 93.70
57.00 39572. 1317. 10597o 1204. 214406o 1017.35 274.67 92.68
58.C0 391C5. 1931. 10472. 1214. 211874, 10C5.34 271.42 91058
59.00 38643. 19469 10349. 1223e 203370. 993.46 268.21 90.50
60.CC 36186. 1960, 10226. 1232. 2C68936 981.70 26504 8.1*3
61.00 37734. 1974. 10105, 124C. 204444. 970*08 261.90 88.37
62.4CC 37287. 1987. 9985. 12499 220C24 95806C "58680 8793363.0 r 36 a64 2a01. 98674 12ý7. 19V)32. 947o25 255.74 86.29
64. 0 3( G410. 2C14.a 9750. 1265. 1972719 936*L5 252*71 85.27
65.03 35979. ZJ27- 9635o 1273. 134938o 924o98 249e73 84026
EE.C10 35554. 2C39. 9521. i26.&. 192636o 914.06 24E678 83o27
67.00 35135. fl52, 3409. 1 ?a9 19C3Q33. 903*27 243.87 82629 I
68.LC 347'1 o 20...LC 4 92369 1297. 18.81.2c. 692.63 2 4. 0.6 8132
690 34312. 2376o 9189. 13G4, 185907. 882.13 238,16 8l,36 I7C.CC LZS1O.. 2088. 9081. 1312o 18!724. 871*77 235o36 79942
71.Jl 3.3512. %399 8975. 1319. 1815710 861.55 232.60 78e48
72.eC j311C. 0 I.11. 6870o 1326. 17b4 47. 851e48 229068 77.57
73900 32734. 2,22. 87669 1333o 177353. 841e54 227.20 76.66
74.0*LC 363E3. 233o 864.E 1.34C* 175266. 8!1.7 224*55 75077
75.00 J. 177, 2144.• 3503. 1347. 17j252, a22.08 221.95 74.89
76aC0 1i6.[6 215E4 84E4. 1354. 171246, 812056 219.38 74.02
77.CC 31241. 2165. 8366. 136C, 16SZ67. 8C3.17 216084 73*17
78.00 3C881. 2175. 827U. 1367, 21;7317o 793e92 214.34 72.32
79.LC 3C5277 2185. 8175. e 37 Z. e b!'?g9G 784.8 211.88 71.49
80.00 30177. 2195o 80810 1379. ý e .'"02,o 775,81 209@45 70.67
81. L.0 29833. 221C5. 7989. 1385. 161t350 766E96 207.06 69087
82.00 29493. 22150 7898. 1392. 1597960 758.23 204.71 69.07

83.cc 29159. 2224. 7809. 1397. 157983o 749963 262.38 68929
84.00 2.8329. 2233. 7720. 1403. 156197e 741.15 200.10 67052
85.CC 6b5 C4. 2.43 9 76?3, 14. L-0, 1544379 732.8C 197.*84 66.76
86.00 2618 4* 2252* 7548. 14 15o 152703* 7Z4.a57 195,62 66001
87&C00 278E9. 2261. 74639 14 2. 15C.S. 94e 716946 193.13 65*27
88.00 27558. 2-769. 7330. 1426a .,49"910. 708o48 191o27 64*54k
890Co 27252. 2278. 7298. 1431. 147.51. 70C.6E 189915 63982
90.0CO 26E950. 2287. 7217. 1437a 446117. 692*35 187.C6 63.12
9 91.c0 26653. 22959 7138o 1442e 144406. 685.21 184o99 62*42
92.00 26360. 2303. 70590 1447. 1428200 677.68 182.96 61073
93.00 2EC71. 23120 6962. 1452, 141256. 670.26 18,096 61.06

" 94,00 25787. 2320. 6906. 1457e 139716. 662,95 178.98 60.39
95.C0 25507. 2327. 6831. 1462e 138198. 655.7! 177?/4 5907?
96.00 25231. 2335. 6757. 1467. 136702. 648.65 175o12 59009
97.C0 24959* 2343. 6664. 14%?. 135229, 641.66 173.24 58.45
98.00 24691. 2351. 6612. 1477, 133776. 634.77 171.38 57.83
99°00 -4427. 2358. 0541. 1482. 13-3469 627.98 169o54 57021"" 100.00 44166. 2366. 6472, 1486. 130936, 621o29 167074 56*60
0l1cc0 239100 2j73. 6403. 1491. 129546. 614.70 165096 56.CC

'.102.10 235C57. 2580e 6335 1.49r. 128"77* 68*2CIC 14.*2C 55*41
103900 23408. 2387. 62694 150C. 12L328. 301.80 162.47 54.82
1C4.,0 C 23163. 2,94. 62C39 i5C4, 125498. 595.49 16C.77 54.25
1C5.00 22921. 2401, 6138. 15C9, 124167, 589.27 159.09 53.68
106.00 22683. 2408, 6C74. 1513. 124896o 583.14 li7o44 53o12
107.eC0 22448. Z'415. 6c,11 ir17. 121623o 577.1C 155.81 52:57

26
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AX ZAL SPIN

"IRAVEL PR ESS VEL ACC THID TH2D FCPCEX(10)3 TCR.,UE X(1 ) 3 FORCrX(1C)3

(INS) (L1/1N.) (F/S) (GS) (RA /1) tRAO/521 (LOS) (LBs-INS) ILBt)

108.00 22216. 2421. 5949. 1521. 120368. 571e15 7 *.20 52.03

S109.00 219880 2428. 5888. 1525. 119131*. S( o28 152.E1 5105C

110000 21763. !434. 58280 1529. 117912. 559.49 151.05 5.397

111.00 21541. 2441. 57 9F 1533. 116711. 553*79 149.51 50.45

112.00 21322. 2447. 5710. 1537. 115526. 549e17 148.0( 49.94

113.00U 21107. 2453. 5652. 154.; * 114359. 542.63 146.50 49043

114.00 20894. 2459. 5596. i545. 1132c80 537.17 145.03 43.93

115.0cC 2C685. 2465. 55390 1549. 112073. 531.72 143.57 48.44

116.CG 201478. 2471., 5464, 15530 11LS954o 5.6.G47 142e14 47.96

117.00 20275. 2477. 5430s 1557,. 1C33510 521.24 140.72 47.48

,11h.00 20074. 2483. 5376. 150C. 108763. 5 1'.08 139.33 47.01

1114. Cc 19876. 2489. 5323. 1564o 1C7690. 10C.IO 137*06 46* 5-

120.00 19681. 2495. 5271o 1567. 106633. 5r5.97 136.60 46.09

121.00 19489. 2300. 52190 1571 s 1, 5590. C5*02 135s27 45*64

122900 19299. 2506. 51680 15749 104S6'. 496.1 133.95 45.20

123.10 19112. 2511. 51180 1578. 103547. 491*33 132.65 44.76

124.00 18927a 2517. 5069. 1581. 112 54 7 486.59 131037 444.33

125C00 10745. 2522. 502C* 1585. iC1561. 1481.90 13,.10 43.0C

126*00 18565. 2527. 4972o 1588. 100588. 477*29 128.86 43.48

127.00 183880 2533. 4924o 1591. 99628. 472*73 127.63 43.06

128.00 16213& 2538. 4878. 15950 98E610 468.24 126a42 42.66 S129*00 18041. 2543. 4831o 1598. 97747. 463.81 125.22 42e25

"130.00 17871. 2548a 4786. 1601* 96326. 459.44 124*04 41.95

131.00 17703. 2553. 4741. 16004. 95917. 455.12 122.E7 41046

132*00 17538. ?558. 4697. 1607s 95023. 45Co87 121.73 41.07

133.00 17374o 2563. 4653. 1610. 94136a 446967 12C059 40069

134*00 17213o 2568. 4610o 1613e 93263. 442*53 119.47 40031

135.00 17054. 2572. 4567. 1616 9,2401. 1438.44 118.37 39094

4 136.Co 168970 2577a 45250 16190 915510 434419 117928 39.57

137ooO 16743. 2582e 4484. 1622. 90713. 430.43 116*21 39021 ,

138-C0 16590. 2587. 4443a 1625. 898850 42605C 115.15 38085

139.00 16439. 2591. 4402. 1628s 89068. 422963 114.10 38.50

p 140.00 16290. 2596a 4363. 16310 88262. 418.80 113.07 38.15

14100CO 16144. 2600. 43230 1634. 874670 415.03 112005 37981

142.00 15999. 26050 4284. 1637. 86681. 41130 111.04 37*47

143.00 15856. 240 9 0 4246. i639. 95106. 407062 110.05 37.13

144.o0 15714. 2613. 4208. 1642. 85141. 403.99 109.07 * 36.80

145.00 15575. 26180 4171. 1645. 84386. 4c0.e41 103.10 36e48

146.00 15437. 2622. 4134, 1647e 83640. 396.87 107.`15 36o15

147.00 15301. 2G260 4098o 16510 12)C04, 393.38 106*20 35s84

148.00 15167. 2630. 4062. 1653. 8:177. 389.93 105.27 35.5?

149,00 15035. 2634. 40268 1655. 91460. 386053 104035 35*21

150.•00 14949. 2638. 3991. 16b8o 8C751. 3839lb 1C3.45 34*91

151.00 i4775. 2642. 3957. 166Lo 80052. 3799e4 102.55 34s.60

152.00 14647. 2646. 3923. 1663. 79361. 376*57 1C1.67 34.30

1530eC 14522. 2650. 3889. 16659 76C713 373033 `1007- 34aC1

154.00 14397. 2G54. 38560 1668. 73005. 370*13 99.93 33072

155.00 14274a. 2658. 3823. 167C0 7734C0 366.98 99.08 33.43

"156.00 14153. 2462a 3790. 1673. 766839 363086 98.24 33*15

157.00 14033. 2G66. 3758, 1675. 7b(34. 3C0.78 97.4C 32087

158.00 139150 2670. 3726. 1677. 75393. 357.74 96.58 32*59

159000 13798. 2673. 3695. 1680. 7476r. 354073 95077 32*32

160.0c 13683. 2677. 3664. 1682. 74134. 351.77 94097 3290C

161.00 135690 2681. 3634. 1684. 73ý17. 348.84 94018 31078

162.00 13456. 0o84. 3604. 1687.* 72906. 345*94 93o0 4] 31051

163.CC 13345. 26680 3574. 168s. 723,4. 343C08 92.62 31.25

164.0o 13235. 2691. 7544o 16910 717L8. 340.25 91.86 31.00

,, 165.00 13126. 2t95. 3515. 1693. 7.,119. 337.46 91.11 310.74

166.0. 3019., 26980 3486o i6960 70538. 334.70 90o36 30o49

167.00 12913. 2702. 3458. 1698. 69963. 331.98 89.63 30.2%

1680CC .2bc8• 2705o 3430. .700C 697960 329.28 88.09 30.CC

169.00 12705. 2709. 3402o 1762 o 68835. 326*62 88o18 29.75

S . 171.LC 12602. 2 7122 3375 9 17t,.4 * 6828c0 323.99 87.47 29.51

171.00 125010 2715. 3348a 1,76. 67732. 321.39 86077 29.28

17".L0 124c1. 2719. 3321. 1708o 67191. 318.82 86.C8 29004

173.CC 123C3. 27229 3295e 17119 66656. 316a26 85.39 28.61
1734.00 12205. 2725. 32188 1712a 66127. 313.77 84*71 28.58

17',(C 12108. 2728. 3243. 1714o 65604. 311e29 84.04 28036

S17G. 1c 12013. 2732. 32179 1716. 65c88. 3C8084 83a38 28013

171.00 11919. 2735. 3192., 1718e 64577. 306.42 82*73 27091
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iiii
AX AL SOIN

IRAVEL FRESS VEL ACC TH.C 71i)c FCPC"X("r)3 TGR,?,UE X(10) 3 FORCEX(;C)3

.ISN (L8/.1 2) 2 F/S I GS) I(RAW/;I IRAO/.2 ) IL 9S) (LBS-INSP) ILSS)

l78.L0 11876. 2738. 3167. 172 Z. 64C77. 3C4. 2 p200a 27.7I

L79.CC 11733. 2741. 3142. o 722. 13C-r 73. 3[11,C5 81244 27.48

A80.00 11642. 2744. 3118. /724. 63'79. 299.31 30.81 27.27

Ia181. I 11552. 2174?7. 3094. o 7.Lo 62. 1 2S7 .C C OO i 27.06 I
182.9C0 11463. 275C. 3L70. 0798. 62129. "944.71 79.57 2G5
.83.800 11375. 2753. 3046. 1736•. 61032. 292.04 78.95 26.64

184..C 0 11268. 2756. 3023. 1732. £11:I. 29,.." 76.35 26.94

85.CIa 112C2. 2759o 30co. 1733. 6EC95. 2P8.ct 77o75 26.o2

S186.60 11117. 2762. 2977. 1735. SC234. 285.81 77.16 26.04

187.C0 11133. 27E5.S 29*55 1737. 5S778. 2e3..4 76,.8 25.84

S188.CC 1[g1. 2768. 2932. 1739. 59327. 2C1.5• 7e.06 5.C.68. ?77C. 291C0. 17t1. 5781. 8o.73.39 75.43 25.45

190.CC0 C78E3.?77 23 *. ."7s . 56.44C 277.3 74 .E7 25.26 I;
151. 1.0cc IC766. ,1776. 28 07. 1744. e re L4. * 275.23 74. 1 2 4. 89

I92.0•0 GC26. 2779. 2846. 1746. 57573, 273.18 73.75 2S.89

193.60 1C547. 2781. 2825. 1746. 57,469 271.10 7Z.21 24.76

19 C.6C 1C469o Z7 .,. 428L. 1749. -,(724. 269.106 72.e67 2452'

195.a0 c 1L392. 2 787 7783o 17%1. SE377. 27. is 72e13 24.34

196.00 10.316. 2790. 2763a. 1753. 5S894. 265.22 71.60 24.16
1197... 0124. 2792. 2742. 1754. 5o486. 't3.Z8 71.08 23.98

198acO IC1660 2795o 2723a 1756. 55s"a2" 261*36 70G56 23.81

9S.9 *0 1CC93. 2797. 2703. 1• 7. 54&62. 253.47 7?.o5 23.64

200.00 10020. 2300. 2683o 1759. 54287. 257.59 69.s4 23,47

28i

II

*1"

I' ,

:-

b8

ft I

SI 28

p •



DISTRIBUTION LIST

No. of
Copies To

1 Office of the Director, Defense Research and Engineering, The Pentagon,
Washington, D. C. 20301

12 Commander, Defense Documentation Center, Cameron Station, Building 5,
5010 Duke Street, Alexandria, Virginia 22314

i Metals and Ceramics Information Center, Battelle Columbus Laboratories,
505 King Avenue, Columbus, Ohio 43201

Chief of Research and Development, Department of the Army,
Washington, D. C. 20310

2 ATTN: Physical and Engineering Sciences Division

Commander, Army Research Office, P. 0. Box 12211, Research
Triangle Park, North Carolina 27709

1 ATTN: Information Processing Office

Commander, U. S. Army Materiel Development and Readiness Command,
5001 Eisenhower Avenue, Alexandria, Virginia 22333

I ATIN: DRCLDC, Mr. R. Zentner

Commander, U. S. Army Electronics Command, Fort Monmouth, New Jersey 07703
I ATTN: DRSEL-GG-DD
1 DRSEL-GG-DM

Commander, U. S. Army Missile Command, Redstone Arsenal, Alabama 35809
1 ATTN: Technical Library
I DRSMI-RSM, Mr. E. J. Wheelahan

Commander, U. S. Army Armament Command, Rock Island, Illinois 61201
2 ATTN: Technical Library

Commander, U. S. Army Natick Research and Development Command,
Natick, Massachusetts 01760

1 ATTN: Technical Library
2 Mr. James Flanaganii !

Commander, White Sands Missile Range, New Mexico 88002
1 ATTN: STEWS-WS-VT

Commander, Aberdeen Proving Ground, Maryland 21005
1 ATTN: STEAP-TL, Bldg. 305

Commander, Frankford Arsenal, Philadelphia, Pennsylvania 19137
1 ATTN: Library, H1300, Bl. 51-2

SARFA-L300, Mr. J. Corrie

'K V

BLif

•fI!, *i'

-*" m a
~-* --w.°

- nt!2'L& hL



No. of
Copies To

Commander, Harry Diamond Laboratories, 2800 Powder Mill Road,
Adelphi, Maryland 20783

1 ATTN: Technical Information Office

Commander, Picatinny Arsenal, Dover, New Jersey 07801
1 ATTN: SARPA-RT-S

Commander, Redstone Scientific Information Center, U. S. Army Missile
Command, Redstone Arsenal, Alabama 35809

4 ATTN: DRSMI-RBLD, Document Section

Commander, Watervliet Arsenal, Watervliet, New York 12189
1 ATTN: SARWV-RDT, Technical Information Services Office

Commander, U. S. Army Foreign Science and Technology Center,
220 7th Street, N. E., Charlottesville, Virginia 22901

1 ATTN: DRXST-SD2

Director, Eustis Directorate, U. S. Army Air Mobility Research and
Development Laboratory, Fort Eustis, Virginia 23604

1 ATTN: Mr. J. Robinson, SAVDL-EU-SS

Librarian, U. S. Army Aviation School Library, Fort Rucker, Alabama 36360
1 ATTN: Building 5907

Commander, USACDC Air Defense Agency, Fort Bliss, Texas 79916
1 ATTN: Technical Library

Commander, U. S.' Army Engineer Waterways Experiment Station,

Vicksburg, Mississippi 39180
1 ATTN: Research Center Library

Naval Research Laboratory, Washington, D. C. 20375
1 ATTN: Dr. J. M. Krafft - Code 8430

Chief of Naval Research, Arlington, Virginia 22217
1 ATTN: Code 471

Air Force Materials Laboratory, Wright-Patterson Air Force Base, Ohio 45433
, '2 ATTN: AFML/MXE/E. Morrissey1 AFML/LC

1 AFML/LLP/D. M. Forney, Jr.
1 AFML/MBC/Mr. Stanley Schulman

National Aeronautics and Space Administration, Washington, D. C. 20546
1 ATTN: Mr. B. G. Achhammer
1 Mr. G. C. Deutsch - Code RR-l

~ ~ ~p ,., *, ~ . . . .. 1~k ~ 4 M 1~¶ ?l



No. of
Copies To

National Aeronautics and Space Administration, Marshall Space Flight
Center, Huntsville, Alabama 35812

1 ATTN: R-P&VE-M, R. J. Schwinghamer
1 S&E-ME-MM, Mr. W. A. Wilson, Building 4720

Department of Transportation, 55 Broadway, Cambridge, Massachusetts 02142
2 ATTN: Dr. John - Code 32

Director, Army Materials and Mechanics Research Center,
Watertown, Massachusetts 02172

2 ATTN: DRXMR-PL
1 DRXMR-AG
1 Author

11
ij

!,]

)I

ii

I 'I
;

I. 
I

4',,

A



II'

-~t -e 9,.mjmmu - -V

cm F4b 0
cc +j r- AA,6, 24. o-P,6.'

.- V 0 -W- .

V, 10 1A~ U 10 r . ; 4j1

;b lo. op 4.I o,

he .: .,.% - Lh. -6) ý: -811 v

t' I Aa

'-~4-
s~~~~ 0)-~'J*

I~o IQ.. F.-
or. t j 40-I

el L' V 1A

Pro4-

g~1Ak - -- - 4 - -

I A It ;
IA Ir,6.,'A. a IN ON

jii

p4-

*~O It,~4~

l~l41 a INu.I.i -

A .6;1' 1 LA j"~ 0~q 1 4~I.~


